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The production of new spin-1 chiral bosons at the hadron colliders, the Fermilab Tevatron and 
the CERN LHC, is considered. The masses of the chiral bosons can be determined on the basis 
of experimental data of precise low-energy experiments, which already indicate indirectly their 
existence. They can explain, for example, the serious 4.5(t discrepancy between the measured and 
the predicted two pion branching ratio of the r decay and the sign of the 3.3a deviation of the muon 
(g-2) theoretical prediction from the experimental value. Quantitative evaluations of the various 
differential cross-sections of the chiral boson production at hadron colliders are made using the 
CalcHEP package. It is noteworthy that the Tevatron data already hint the existence of the lightest 
charged chiral boson with a mass around 500 GeV. New Tevatron data and the LHC results will 
definitely confirm or reject this indication. In the positive case the LHC would be able to discover 
all predicted charged and neutral chiral bosons spanning in mass up to 1 TeV. 
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I. INTRODUCTION 

The hadron colliders, due to their biggest center-of- 
mass energy and their relatively compact sizes, still re- 
main a main tool for discoveries of very heavy particles. 
So in 1983 the two dedicated UAl [l| and UA2 [1] ex- 
periments discovered the intermediate vector bosons at 
the CERN SPS Collider. The collider energy, 540 GeV, 
just met the condition for a rough estimation of the min- 
imal center-of-mass energy about six times the predicted 
mass of the weak bosons. The factor six corresponds 
to the fact that the only part of the proton momentum 
is shared by the (anti)quarks. At such energy the pro- 
duction cross-sections of both W and Z bosons have the 
nanobarn level. One faces, however, a very large back- 
ground from the strong interactions. 

In order to detect the production of the heavy bosons, 
only events with bosons pure leptonic decays into isolated 
high transverse-momentum leptons and without promi- 
nent associated jet activity have been selected. Such se- 
lection supplies backgroundless conditions for the detec- 
tion of the resonantly produced charged W bosons and 
more than three orders of magnitude smaller background 
from the Drell-Yan dilepton production under the neu- 
tral Z boson peak. At the same time the signal from the 
decays of these bosons will play the role of a backgroimd 
for searching of new heavy intermediate bosons, W and 
Z' , with similar couplings to the quarks and leptons. 

In any case, besides the simple manifestation of ex- 
istence of the weak bosons, one needs precise study 
of their properties following from the Standard Model 
(SM). This task has been excellently fulfilled by the 
Large Electron-Positron (LEP) storage ring at CERN 
and the Stanford Linear Collider (SLC) at SLAC. Unfor- 
tunately, the masses of the t quark and the undiscovered 
yet Higgs boson happened to be too high to be discov- 
ered at these colliders. Nevertheless, the precision of the 
electroweak measurements at the lepton colliders was so 
high, that the predicted from radiative loop corrections 



mass of the top-quark mt = 180 GeV 0] has been 

found in agreement and with comparable accuracy of its 
first direct measurements at the Fermilab Tevatron by 
the CDF [1 mt = 176 ± 8 ± 10 GeV and the DO [| 
mt = 199 ± 22 GeV collaborations. 

In spite of the overwhelming background for the top- 
quark pair production in the strong interactions at the 
hadron collider, the uncertainty of the top-quark mass 
nit — 170.9 ± 1.1 ± 1.5 GeV [y| is considerably reduced 
at present. Moreover, recently, the evidence for a single 
top-quark production Q through the weak interactions 
and direct measurement of \Vtb\ at the Fermilab Tevatron 
hadron collider became possible. Another achievement 
in precise measurements at the hadron collider is the W- 
mass measurement mw — 80.413 ± 0.048 GeV [1| by the 
CDF collaboration at comparable with the LEP experi- 
ments accuracy, which represents the single most precise 
measurement to date. All these measurements will allow 
further constrain the mass of the Higgs particle, which 
discovery is the main priority task of the running Teva- 
tron and the constructing Large Hadron Collider (LHC). 

Discovery of the predicted theoretically heavy particles 
and establishing of the SM without any surprises are sig- 
nifying the experimental high energy physics for the last 
thirty years. Therefore, the LHC construction is con- 
nected not only with the Higgs discovery, but with the 
hope to find the physics beyond the SM. Needless to say, 
that the discovery of new particles and new interactions 
at the hadron colliders requires a strong input of theo- 
retical models in order to extract the signals over huge 
background. 

The aim of the present paper is to point out the sig- 
nature for the resonant production of heavy spin-1 chiral 
bosons and their decays. It has become proverbial (see, 
for example, the textbook Q), that the Jacobian peak 
in the transverse momentum/mass distribution is char- 
acteristic of all two-body decays. It is not, however, the 
case for the decay of the new chiral bosons [l3|. To my 
knowledge such bosons for the first time were introduced 
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by Kemmer and are naturally appeared in the ex- 
tended conformal supergravity theories p^ . 

In the next section I give the motivation of introduc- 
tion of such kind new bosons and describe their model- 
independent properties. Further in section III I suggest a 
simple model for the extension of the SM in order to make 
more definite predictions. Its phenomenological conse- 
quences are used for explanation of the anomalies in the 
precise low-energy experiments and as guiding line for the 
detection and identification of such bosons at the hadron 
colliders, the Fermilab Tevatron and the CERN LHC. In 
section IV various distributions are produced using the 
CalcHEP package [l^ and the first indications of the 
production of the lightest charged chiral bosons at the 
Tevatron are presented. In conclusion the prospects for 
the LHC physics and the modification of the PYTHIA 
program for simulations of the chiral boson produc- 
tion and their decays are discussed. 



II. INTRODUCTION OF THE CHIRAL 
BOSONS AND THEIR MODEL-INDEPENDENT 
PROPERTIES 

The trilinear interactions, wherein various bilinear 
fermion currents couple to appropriate bosons with di- 
mensionless coupling constants, play a key role in the 
interactions of the elementary particles. They include 
both the gauge couplings of the (axial-)vector fermion 
currents to the (axial-)vector bosons and the Yukawa 
couplings of the (pseudo)scalar fermion currents to the 
(pseudo) scalar bosons. Up to now only these interactions 
have found phenomenological applications. For exam- 
ple, they have been used as effective couplings of various 
mesons to quarks/baryons in the model description of the 
strong nuclear interactions. On a more fundamental level 
of the elementary particles, the gauge interactions and 
the Yukawa couplings of the Higgs bosons to the matter 
constitute the base of the SM. The latter seem today a vi- 
able solution of acquiring masses of the initially massless 
fermions. 

In this paper I consider additional trilinear interac- 
tions, which naturally appear in the full set of derivative- 
less couplings of fermion currents to bosons and which 
have been missed in phenomenological applications. Let 
us consider all bilinear hermitian combinations of the 
fermion fields. In the relativistic case spin-i fermion 
fields are described by the /owr-component Dirac bispinor 
Tp. Therefore, there are 16 independent bilinear combi- 
nations ^Oip: 

S = -iptp, V = i'ipj^ip, 

T'"' = {pa'^'^iP, (1) 

which can couple to the S scalar, P pseudoscalar, Vfj. vec- 
tor, axial- vector and T^^ rank- 2 antisymmetric tensor 



fields, correspondingly, 

-Cy = gs ipi^ S + igp ^^^ijj P 

+ gv ^l^i' Vf, + gA V^7^7V K 

+ \ ^a^^i, T^., (2) 

with dimensionless coupling constants. 

All these bilinear combinations represent either spin-0 
or spin-1 states in accordance with the relation \ ®\ — 
® 1. However, in contrast to the non- relativistic 
case, there are two different spin-i fermions, left-handed 
-0^ = i(l — 7^)0^ and right-handed = ^(1 H- 7^)?/', 
which transform under inequivalent representations of the 
Lorentz group (^,0) and (0,^), correspondingly. There- 
fore, the number of the independent combinations is 
twice enlarged in comparison with the non-relativistic 
case. The new scalar tjjj'^tl) and pseudoscalar tp^'^j^ij; 
components are associated with the fourth components 
of the relativistic vector tjj'y'^'il; and axial-vector ■ip^^^^ij) 
currents and do not lead to any new physical spin-0 
states. While the new 'tpa^^ip vector and 'ipa^^ip axial- 
vector spin-1 states are introduced as components of the 
independent second rank antisymmetric tensor current 

In other words, in the relativistic case there are two 
different spin-1 states which transform under the inequiv- 
alent vector (^,^) and chiral (1,0)-|-(0,1) representations 
of the Lorentz group. The former four-component rep- 
resentation is associated with well-known (axial-)vector 
bosons, Af^ and VJ^, while the latter six-component repre- 
sentation demands introduction of a new rank-2 antisym- 
metric tensor field, T^^, which describes simultaneously 
three-components vector and axial- vector bosons. 

The new tensor Yukawa coupling in ([2]) can be rewrit- 
ten explicitly in its chiral form 

^Y = ^ ~LCJ>^''i^R T+ + ^ J^a^'i'L T-„ (3) 

where chiral components = -^{T^„±iT^^) of the an- 
tisymmetric tensor field and its dual T^^, = ■^e^iyapT"^ 
were introduced. These components are connected 
through the C charge-conjugate and the P parity trans- 
formations in the Minkowski space and are (anti)selfdual 
tensors in the euclidean space. 

In order to find the free Lagrangian for the new rank-2 
antisymmetric tensor field it is enough to evaluate the 
one-loop radiative correction into its self-energy from vir- 
tual fermion pairs with known propagators. Since the 
Yukawa coupling constant t is dimensionless, the the- 
ory is formally renormalizable and the structure of the 
quantum corrections should reproduce the bare free La- 
grangian. Simple calculations lead to conformally invari- 
ant Lagrangian 

r.^^^ dpT^, dPT^^" - d^T^^P d-'T^p (4) 
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for the antisymmetric tensor field with mass dimension 
one [l^. The properties of this Lagrangian have been 
investigated in [13 ■ Here I just mention that in contrast 
to the gauge bosons, the massless vector and axial- vector 
bosons, which are described by the antisymmetric tensor 
field, have only longitudinal physical components. 

It is interesting to note that the mass term T^i^T'^" is 
not generated by the quantum corrections, because it is 
protected by the chiral symmetry with transformations 



T+ 



exp[-2i0]r+, ^ cxp[+2^0]^-,. (5) 



In the same time the chirally invariant selfinteraction 

Cl^X {T^.T^'^T^pT'^'^ - AT^.T'^'^T^pT'^^) . (6) 

is generated even in case of a real antisymmetric tensor 
field, due to its chiral properties [l3|- 

The chiral symmetry can be localized 6 — > 9{x) includ- 
ing the axial-vector gauge fields with transformations 



and that both vector and axial-vector bosons are 
characterized by the same coupling constant t and the 
same mass Mt- Therefore, these interactions automati- 
cally possess the chiral symmetry under transformations 



B„ 



cos 26* sin 26* 
-sin 26* cos 26* 



R^ 



(12) 



On the other hand in order to maintain the chiral sym- 
metry of the Lagrangian ^ under the chiral transforma- 
tions 



cos 26* sin 261 
-sin 26* cos 26* 



(13) 



one needs to demand an equality of the coupling con- 
stants gs = gp and the masses Ms — Mp of the spin-0 
bosons. 

The exchange of massive bosons with a momentum 
transfer defines all possible chirally invariant effective 
four-fermion interactions in the Born approximation 



9A 



(7) 



In this case additional gauge interactions of the antisym- 
metric tensor field are necessary [l7[ 

Cl = 2gA{f^^''^PTp,~T^'''^pfp,^A^, 

+ g\{ApAPTp,T^'' - AApA'^T'^PT.p) . (8) 

These interactions lead to the negative contribution in 
the /3- function of the gauge coupling constant gA, which 
exhibits asymptotically free behavior even in the abelian 
case. 

The chiral bosons acquire the mass analogously to the 
gauge bosons through the Higgs mechanism and a non- 
local mass term is generated [18]. Using the relation (l9| 



_ - 1 



al3 



(9) 



where 



dpRp 



dnB^-d^B^ and 5^ 



dfi/v—d^, the free Lagrangian Q for the antisymmetric 
tensor field can be rewritten through the field-strength 
tensors of the new vector R^ = d'^T^^ and axial-vector 
Bn ~ d'^Tijn fields in a more convenient form 



^0 - A ^^iU 



i R2 
4 f^" 



Bi 



(10) 



where the mass terms take the usual local form in this 
representation. 

The new fields automatically obey the Lorentz condi- 
tions d^^R^ = and 9^-6^ = and can be considered as 
usual spin-1 fields. The only difference to the gauge fields 
consists in the different Lorentz structure of the trilinear 
interactions 

Cl = td, {{^a^^iP) Rp + itd, (M^j^iP) B^ (11) 



9l 



2(M|-g2) 
9l 



9l 



2 (Ml - q 

The specific of the effective tensor interactions consists 
in the peculiar momentum dependent factor q^cf jcj^ . 

On one hand, this factor ensures good ultraviolet be- 
havior and does not lead to unitarity violation. On the 
other hand, it has a pole at = and could cause an 
infrared problem. However, in this paper only the pro- 
cesses with will be considered, I comment shortly 
its possible solution. 

Due to the unusual properties of the chiral fields in- 
teractions, the Yukawa coupling constant t as well as the 
gauge coupling constant gA exhibits asymptotically free 
ultraviolet behavior |l3] , but the region of the low-energy 
momentum transfers is governed by a nonperturbative 
physics. One possible solutions to 1/g^ pole problem is 
the Leutwyler's approach |2fl] to the confinement in pres- 
ence of constant selfdual abelian background field B. So, 
nonperturbative effects may modify the propagator in 
such a way [1 — exp(— g^/S)]/^'^ to remove singularity at 

= 0. 

It is interesting to compare the angular distributions 
of the resonance particle-antiparticle s-channel scattering 
via different intermediate bosons. So the (pseudo)scalar 
spinless bosons do not prefer any direction in space and 
lead to the isotropic distribution 



dgg 

dcosi? 



cx 1, 



(15) 



where is the scattering angle in the center-of-mass sys- 
tem between incoming and outcoming particles. While 
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the exchange of the (axial-)vector spin-1 bosons lead to 
the well known distribution 



dcri, 



dcost? 



cx 1 + cos^ 1} 



(16) 



up to the linear cos i9 term for P-parity nonconservation. 

The tensor interactions also occur through the (axial-) 
vector spin-1 boson resonances, however they lead to a 
different from the previous case distribution [21j 



d(TT 
dcosi? 



cx cos -d. 



(17) 



In this case there exists a characteristic plane, perpen- 
dicular to the beam axis, where the emission of the final 
state pairs is forbidden. Needless to say, that events with 
a large pr are the main signature of production of new 
resonances at colliders. Therefore, the detection of chiral 
bosons with tensor interactions will be a difficult task, 
due to the dip in the rapidity distribution and the ab- 
sence of the Jacobian peak [l3] . 

Another model independent feature of the tensor inter- 
actions is the absence of the interference with the ordi- 
nary gauge interactions in the case of massless fermions. 
In the real case of light fermions negligible interference 
with the known gauge interactions also makes their de- 
tection in low-energy and collider experiments difficult 
and allows them to escape the experimental constraints. 

The bilinear fermion combinations ^ define the quan- 
tum numbers J^*^ for corresponding boson states 5", P, 
Vf,, A^, and P^ as 0++, 0"+, l"", 1++, I— and 
1"* , respectively. All these quantum numbers can be as- 
signed to the existing quark-antiquark meson states (see 
Table HI). 





0++ 


0-+ 


1-- 


1++ 


1+- 


/ = 


/o 




UJ, (j), Uj' , 4>' 


/l 


hi 


I = 1 


ao 


TV 


p, p' 


ai 


bi 



TABLE I: The quantum number assignments to the isoscalar 
1 = and isovector 7 = 1 neutral meson states. 

So, on one hand the new CP-odd chiral boson P^ ex- 
hibits quantum numbers 1^ , which undoubtedly should 
be assigned to the existing hi and bi bosons. On the 
other hand, the quantum numbers 1 of the new CP- 
even chiral boson coincide with the quantum num- 
bers of the vector boson V^. Therefore, they could be 
mixed leading to assignment of the physical states with 
the quantum numbers 1 in pairs: cu — cu' , (j) ~ 4>' and 
p — p' . However, direct coupling of the chirally neutral 
vector boson to the chiral charged boson R^ is forbid- 
den by the chiral symmetry and can be realized only as 
a result of a spontaneous symmetry breaking {S)o ^ 
through chirally invariant trilinear boson interaction 



(18) 



where P^j. = - d„Vf_,. 

A corresponding model has been developed in [23 |. 
where a simple explanation of the dynamic properties of 
the spin-1 mesons and new mass relations among them 
have been derived. The results of this approach are in 
good agreement with the QCD sum rules, the lattice 
calculations and the experimental data. Let us imag- 
ine now, in accordance with the technicolor idea, that 
analogous phenomenon may be extrapolated to the high 
energy physics at the Fermi scale, where along with the 
gauge spin-1 electroweak bosons 7, Z, and the spin-0 
Higgs bosons P, additional spin-1 chiral bosons T are 
presented. 

Since the chiral properties of the new spin-1 bosons 
are like these of the Higgs bosons, they should come 
as doublets = (T+ P"), taking into account the 
SU{2)l X U{1)y symmetry of the SM. However, the 
chirally invariant trilinear interactions of the type (1181) 
and the gauge interactions ([8]) lead to new chiral anoma- 
lies [l^. In order to cancel the anomalies, additional 
doublets P^ = (P° P~) with opposite hypercharge to 
are introduced. This concerns the Higgs bosons as 
well, which should also be doubled Hi = [H^ P") and 

Therefore, in comparison with the SM, additional bo- 
son degrees of freedom are introduced. In spin-0 sector, 
besides the light SM Higgs boson h, the neutral CP- 
even H, CP-odd A and the charged bosons should 
be present as in the Minimal Supersymmetric Standard 
Model (MSSM). The new chiral bosons add eight more 
spin-1 states: the neutral CP-even = %/2ReT^, 
P^ = V2ReU°, CP-odd T^f = \/2ImP0, P^ = %/2ImpO 
and the charged P^, P^ bosons. As far as the spin-0 sec- 
tor is covered by investigation in the MSSM, I concern 
only the spin-1 sector of the new chiral bosons. 

The trilinear chiral couplings of the new chiral bosons 
to the quarks Q"^ = {u1 d1), u^, and leptons L"^ = 
{vl el), v% e% 



= (QV-z^d^ -f ti, (PV^/^ey ] 
+h.c.. 



(19) 



/:^ = <?x^p^, + pp^np'^^ 



are uniquely fixed by the symmetries. Here a, b are gen- 
eration indexes and t'^^^, i^^, u^^, are in general arbi- 
trary Yukawa coupling constants. In contrast to ref. p^ . 
additional couplings to the right-handed neutrino states, 
which are missing from the SM, are included for gen- 
erality. The latter could be important for the neutrino 
physics beyond the SM such as leptogenesys and oscilla- 
tions. However, in the following I suggest that the right- 
handed neutrino states are very heavy (m^^^ 3> mt) and 
have decoupled at the electroweak scale, i.e. one can put 

uL = 0. 
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The explicit form of the interactions ((T9)) gives us the 
possibiHty to derive low-energy effective Lagrangian and 
to investigate the signature of the chiral bosons pro- 
ductions at high energies. These topics with their phe- 
nomcnological consequences are considered in the next 
sections. In order to be more definite in the predictions, 
some model-dependent simplifications are made. 



III. LOW-ENERGY INDICATIONS OF NEW 
CHIRAL INTERACTIONS 

In this section I present phenomenological signatures 
of the chiral bosons effects on the low-energy physics. At 
the beginning I assume that the chiral bosons are very 
heavy to be directly produced at low energies, and their 
effect is only possible through their virtual exchange. For 
this purpose the effective Lagrangian approach is used. 
The possibility of the light (even massless) chiral bosons 
is also viable, but in this case one deals with their unnat- 
urally small Yukawa coupling constants in order to avoid 
the experimental constraints. 

The chiral tensor interactions are topologically simi- 
lar to the electroweak gauge interactions and, therefore, 
should contribute to all electroweak processes. However, 
it is difficult to detect them experimentally on the SM 
background and some guiding principle is necessary in 
order to distinguish them from the known interactions. 
For example, neutral weak currents were detected in the 
deep-inelastic electron scattering through measurements 
of P-odd quantities. In the case of the new tensor inter- 
actions their chiral properties have the main importance. 

There are processes, like pion weak decays, where the 
SM transitions are chirally suppressed and the tensor in- 
teractions can manifest themselves at full strength. How- 
ever, the matrix element of the tensor quark current 
(0|gtT^''g|7r) is zero by kinematic reasons, and there is 
no direct contribution to the pion decay from the chiral 
boson exchange as in the case of the (pseudo)scalar Higgs 
bosons [1^ . This allows the tensor interactions to escape 
severe experimental constraints. Nevertheless, they can 
contribute indirectly in the pion decay through the elec- 
tromagnetic radiative corrections [13] and directly in the 
radiative pion decay. Namely, the experimental anoma- 
lies, which have been observed in the radiative pion de- 
cays [25|, serve us for the construction of effective new 
tensor interactions. 

Let us consider the charged current transitions, where 
the only background for the new interactions are the or- 
dinary weak interactions. Searching for deviations from 
the SM in the neutral current processes on the huge back- 
ground from the electromagnetic and weak interactions 
is a more challenging task. However, due to very precise 
experiments in the determination of chirally suppressed 
quantities as the anomalous magnetic moments for the 
electron and muon, it is possible to obtain some evidence 
for new physics in the neutral sector of the SM, too. This 
topic will be discussed at the end of this section. 



Before proceeding with quantitative calculations it is 
necessary to fix the arbitrary (in general) Yukawa cou- 
pling constants in (fTO|) . At present, there is no cogent 
principle to do this. The simplest but, of course, not 
unique solution, is to assume quark-lepton and family 
universality of the tensor interactions 



ab 



— ^ab — i '^ab 



,1 - 
^ab — 



u5ab- 



(20) 



This suggestion and the additional hypothesis about a 
dynamical generation of kinetic terms for the bosons lead 
to the following relations among the new coupling con- 
stants [Ifl] 



(21) 



where g is SU(2)l gauge coupling constant. To con- 
vince ourselves in the correctness of this assumption let 
us note that an analogous relation among Yukawa cou- 
pling constants of the various hadron meson resonances 
in the quark model has successful phenomenological ap- 
plications [131 ■ 

In order to obtain the effective low-energy tensor inter- 
actions in the limit of heavy chiral bosons it is necessary 
to assume the pattern of the chiral symmetry breaking. 
The most general mass term for the two charged bosons 
has the form 



T+ C/^ 



u- 



(22) 



with the only requirement of positivity of the determi- 
nant A = M^m^ - m'' = MlMfj > of the square 
mass matrix, where Af^ and are its eigenvalues corre- 
sponding to the lighter and heavier physical mass states. 
Then the effective tensor quark-lepton interactions read 

Cf =-V2fTGF uTcpdL ea'^'iyL 

-V2J^Gf ua^pdR ea^^UL + h-c, (23) 



where 



>0, 



/t 



MlMl 



> 



(24) 



are positive dimensionless coupling constants, which de- 
termine the strength of the new tensor interactions rela- 
tive to the ordinary weak interactions. 

The experimental data on the radiative pion decays 
TT — > 61^7 [1^ show big 0(10%) deficit of events in the 
high-i5^/low-i?e kinematic region. As a matter of fact 
both terms in ([23|) with the coupling constants of the 
order of 10~^ could explain the deficit just in the same 
region [2^ through destructive interference of the ten- 
sor interactions with the inner bremsstrahlung radiation. 
However, owing to the electromagnetic radiative correc- 
tions, the P-odd tensor quark current q^uaapj^d, which 
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is present in both terms, leads to a generation of the 
pseudoscalar quark current uj^d, to which pion decay is 
very sensitive. Therefore, there is a severe constraint |24l | 
from the pion decay on the couphng constant |/t| < 10~* 
or l/^l < 10^''. In order to avoid this constraint one can 
assume that the new tensor quark current conserves P- 
parity due to some unknown symmetry principle and the 
only P-even tensor quark current q^uaapd is present in 
the effective interactions ((23|) . Because of parity conser- 
vation in electromagnetic interactions, it does not con- 
tribute to pseudoscalar pion decay. This is realized in 
the case of equality of the effective coupling constants 
/t = f!r or = V3mV2. 

Taking into account the latter relation, the diagonal- 
ization of the mass matrix (|22p gives two mass states 



= • (25) 

If the parameter is fixed, the maximum value of the 
lightest mass state is reached at m? = M"^ /2, which de- 
fines the physical mass = M"^ /A. It corresponds to 
an energetically favored exchange by this particle. Then, 
the heavier state has a mass Mfj = + = 5A/|. 
Accepting the value of the effective tensor coupling fx ~ 
10^2, which can explain the deficit of events in the ra- 
diative pion decay, one can evaluate the masses of the 
charged chiral bosons 

Mh = \ Mw ~ 1137 GeV, Ml ~ 509 GeV, (26) 
V JT 

which will be used in the next section for quantitative 
estimations of their production cross-sections. 

All these relations are model-dependent and follow 
from the expressions (|20l2ip for the Yukawa coupling 
constants. Accepting, that they are of the order of the 
gauge coupling constants, the relative weakness of the 
new tensor interactions are explained by the larger chi- 
ral boson masses in comparison with the gauge bosons 
(see (f24| ). It is interesting to note that the heavier bo- 
son mass does not depend on the concrete value of the 
t/u ratio, while the lighter boson mass is sensitive to it. 
So, in the symmetric case, t = u = g, which has place 
when ^ 0, Mi = Mh/VG ~ 464 GeV. In general the 
following limit on the mass of the lightest charged boson 
Ml < Mh/V2 ^ 804 GeV can be obtained. 

The same interactions should inevitably con- 

tribute to the neutron decay and in particular it should 
affect the A = gA/gv and Vud determination. However, 
there is no chiral suppression and the effect of the new 
interactions is on per mille level. Nevertheless, the exper- 
imental accuracy at present is already enough to alarm 
about the problem. 

The most precise A determination follows from the 
electron asymmetry parameter A measured in the polar- 
ized neutron decay. The latest preliminary result of the 
PERKEO collaboration A = -0.1195 ± 0.0004 ^] leads 



to a very high absolute value of A = — 1.2755±0.0011. Us- 
ing the PDG value for the neutron lifetime r„ — 885.7 ± 
0.8 s one can evaluate FJJ; = 0.97081±0.00088. This 
value is 3.2 cr lower than the extracted one from superal- 
lowed Fermi nuclear decays V^^ = 0.97377 ± 0.00027 
and may be explained through the presence of the new 
interactions ([23]) . 

Their effect, considered in !33|, leads to a negative con- 
tribution into A over the whole electron spectrum and to 
a wrong A evaluation from experimental data. In the 
same time in a first approximation they do not distort 
the recoil proton spectrum and do not contribute to the 
neutron lifetime. Therefore, it is interesting to compare 
thus obtained X{A) with A(a) determined from the cor- 
relation coefficient a, relying on the method based on 
measurements of the proton kinetic energy spectrum in 
the unpolarized neutron decay. I hope the results of the 
new aSPECT experiment can clarify the problem. 

Assuming lepton universality of the tensor interactions 
(|23p one can investigate their effects in the muon and 
tau lepton decays, as well. They can affect, for example, 
hadronic r decays with the same effective coupling con- 
stant fx- By kinematic reason, they do not contribute to 
the single pion decay channel r ttv. At the same time, 
the two pion decay channel t pv 2t:i' through the 
vector p meson should be considerably affected on the 
level of 0(10%), due to their interference with p meson 
tensor quark current and very big mass of the r lep- 
ton [sTl. Using the CVC hypothesis [s^l the branching 
ratio for the two pion decay channel can be predicted 
from electromagnetic process e^e~ — > 7* p — > 27r, 
where the tensor interactions (j23p are not operative. In- 
deed, the predicted value at present is 4.5 cr lower than 
the measured two pion branching ratio of the r decay [ssj . 

The fact that the tensor interactions ([23|) with the 
same effective coupling constant Jt can explain simulta- 
neously the destructive interference in the radiative pion 
decay, the anomalously big asymmetry parameter A in 
the polarized neutron decay, the excess of two pion pro- 
duction in r decay and at the same time still can escape 
the other experimental constraints is a witness for their 
vitality. The discrepancy between the two pion produc- 
tion in the e~^e~ annihilation and the r decay causes 
another problem connected with the prediction of the 
anomalous muon magnetic moment. 

At present, due to the mentioned discrepancy, the tau 
data is not used for a prediction of the hadron contri- 
bution to the anomalous muon mag netic moment, while 
the e^e" data lead to a value [33| by 3.3 cr lower than 
measured one [IJl 

Sa^ = a;,"P - a'^ = (27.5 ± 8.4) x lO^^". (27) 

It is a huge discrepancy as far as the contribution of the 
massive SM weak bosons is only a™''^ = (15.4 ± 0.2) x 
10^^". Therefore, naively one can expect a much lower 
contribution from heavier new bosons, which cannot ex- 
plain the difference (P7)l . 
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Could the new neutral chiral bosons T,? or C/° which 
couple anomalously to matter (jl9p . explain the differ- 
ence? Of course, at present it is impossible, having in 
mind the completely unknown neutral sector of the ten- 
sor interactions, to give quantitative value of the effect. 
However, it is still possible to predict the sign of the dif- 
ference. The idea is the following. 

The electromagnetic interactions of the photon Aa 
with the charged leptons £ read 



ia°'^i da^Ap, (28) 



where the first term is the gauge interaction and the sec- 
ond one is the effective photon coupling to the anomalous 
magnetic moment of the lepton. The chiral structure of 
the effective anomalous photon coupling coincides with 
the chiral structure of the new tensor interactions (11911 



bosons reads 



£0 = - ( A„ Z„ [/« T« ) /C, 



where 



Q/3 

even 



a/3 



'^odd 



u, 



^13 



^Ct/3 



( A0\ 



n^^ml\q\ n^^ml\q\ 



Ml 



K,^^m2\q\ 







and 



(32) 



(33) 



+ i-^ {da"f^-/^d + 10°"^ -fH) d^T^ 



'V2 



(29) 



where only the Tq chiral bosons couple to the charged 
leptons. 

An additional contribution to the anomalous magnetic 
moment of the lepton could arise from a mixing between 
the photon Aa and the chiral boson T^- In the chiral 
invariant limit there are not mixing between them. How- 
ever, it can appear as a result of spontaneous symmetry 
breaking. Simple calculations of the mixing, for example, 
through the loops with the massive fermions lead to the 
following contribution 

£7X = - d^A'^) BaT^, (30) 



where 



V2et 



i=e,d ^ * 



(31) 



^odd 







(34) 



The mixings between the gauge bosons and the CP-even 
chiral bosons ([50]) are tiny since they are proportional to 
the light masses of the ordinary fermions and the small 
coupling constants (j31|) . Therefore, the matrix (l33|) is 
almost diagonal and the physical state of the CP-even 
chiral boson , for example, contains small but not 
negligible admixture of the gauge bosons 



Act 



Ml 



Za- (35) 



This leads to an additional positive contribution to the 
anomalous magnetic moment of the lepton 



5ai 



^/2^ 



Ml^ 



(36) 



The sign of the contribution is in agreement with the 
discrepancy in the experimental data for the muon (j27p . 

Assuming the universality of the Yukawa tensor inter- 
actions and taking into account the magnitude of the 
discrepancy ([?7)l it is possible to predict the additional 
contribution into the anomalous electron magnetic mo- 
ment 



m*^ is the effective mass of the down fermions and A is 
the effective ultraviolet cutoff. 

In contrast to the case of the charged chiral bosons, 
the neutral states T° and C/° do not mix between each 
other, because they couple to the different types, up and 
down fermions (j^ . The CP-odd states and also 
decouple from the CP-even states and in the case 
of the CP symmetry, due to their quantum numbers. 

Therefore, the full free Lagrangian for the neutral 



(13.3 ±4.1) X 10" 



(37) 



from the photon mixing with the chiral boson. It is 
interesting to note that this contribution is well above 
the non-QED contributions a^^° = 1.671(19) x IQ-^^^ 
af^ = 0.030(01) X 10-12 [ai] and the experimental error 
Ja^'^P = 0.76 X 10-12 m. Therefore, if it is real, it should 
give essential correction 



6a 



~ (15.7±4.8) X 10"^ 



(38) 
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to the determination of the fine structure constant from 
the anomalous electron magnetic moment using the QED 
calculations [Sa ■ Unfortunately, independent a determi- 
nations [SS*, '39] have errors comparable with the contri- 
bution (j38p . Therefore, new a measurements are badly 
needed. This will allow to pin down the problem with 
the anomalous muon magnetic moment and the presence 
of the new tensor interactions. 

The physical boson masses are not affected so much 
by the chiral symmetry breaking. Moreover, the photon 
remains massless protected by the gauge- invariant mixing 
(l30t. The masses of the neutral chiral bosons 



M: 

: m ; 



1017 GeV, 
719 GeV, 



(39) 



are expressed through diagonal elements of the mix- 
ing mass matrix for the corresponding doublets of the 
charged chiral bosons (|22|) up to a negligibly small correc- 
tion of . This situation is completely different from the 
case of the low-lying hadron meson vector states, where 
the mixing is maximal and the physical masses differ con- 
siderably with respect to the chirally symmetric case . 



IV. CHIRAL BOSON PRODUCTION AT THE 
FERMILAB TEVATRON 

Up to now I discussed manifestations of the tensor in- 
teractions in low-energy experiments as hints for the ex- 
istence of the fundamental intermediate chiral bosons. 
However, the crucial confirmation for their existence 
should come from their direct production at the colliders 
with a unique signature. 

From the previous considerations it follows that the 
mass of the lightest chiral bosons is around 500 GeV. 
Since they are charged bosons, they could be produced 
at the lepton colliders only in pairs or in association with 
other charged boson, like W . The lightest neutral chiral 
bosons do not interact with leptons and cannot be pro- 
duced at the lepton colliders at all. Therefore, to produce 
the pairs of the lightest charged chiral bosons or the heav- 
iest neutral chiral bosons, which mass is just two times 
bigger than the mass of the lightest bosons, one needs 
a lepton collider with energy above 1 TeV. The Interna- 
tional Linear Collider (ILC) with such energy would be 
an ideal place to produce and to study these particles. 

In general the low-energy effective tensor interactions 
can be tested at the lepton colliders as the LEP and 
the SLC or at the Hadron-Electron Ring Accelerator 
(HERA). Unfortunately, these interactions do not inter- 
fere with the SM {V — A) interactions of the light par- 
ticles and their contribution into the cross-section is of 
the order of /| - 10""^. This is an order of magnitude 
smaller even than the experimental errors 0.1% at the 
high- precision lepton colliders. Nevertheless, they can 
still affect the observables connected with the heavy r 
lepton and b quark. 



At present only the Tevatron hadron collider at Fermi- 
lab is powerful enough to produce and detect with non- 
negligible probability at least the lightest charged chiral 
bosons [10]. Let us consider this possibility in more de- 
tail. Since the case of the hypothetical W' gauge boson 
with the SM couplings is well known, in the following I 
shall compare its properties with the new chiral boson's 
ones. 

Due to the mass mixing (|22l) the physical states 
are represented by two orthogonal combinations lA^ = 
(V3C/±-fT±)/2andT± = (^3 T±-C/±) / 2, which corre- 
spond to light and heavy massive particles, respectively. 
Their Yukawa interactions take the form 



^? = f (uaa'""dfla + i>aa""efl,) (d^U+ + V3a™r+) 
+ g {uacy'^^'dLa) ( draUt " ^ 9™?;+) + h.c. (40) 



Special relations (|20l2ip between the Yukawa coupling 
constants assure the same total decay widths into 
fermions 



tot — 



47r' 



(41) 



both for the gauge and chiral bosons with the same mass 
My 3> mt- It follows from the dynamical generation of 
kinetic terms for the bosons using the condition of equal- 
ity of all one-loop fermion contributions into self-energy 
bosons, the imaginary part of which is proportional to 
the decay width for the corresponding bosons. In the fol- 
lowing, as a first approximation, I take into account only 
the fermion decay channels and do not consider boson 
decays into the known gauge and Higgs bosons. 

The relations between the lepton and quark decay 
widths depend on the boson type and the model 
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^ tot — ^-L «d — -L^-L £,/ , 

_ 16 _A9.rU 
^ tot — ~^ ^ ud — ^'^ ^ Ivi 

*°* ~ 13 iv 



(43) 



Here I accept a diagonal CKM mixing matrices for the 
W and the chiral bosons. 

The resonant production cross-section of the interme- 
diated bosons at parton level is proportional to their par- 
tial decay width into the quarks pair 



a{ud^V+) = 



An' 
3Mv 



~3 



B{V+ ud) 5{s ■ 



m2), (44) 
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where s = (j>u + Pd)'^ is the invariant Mandelstam vari- 
able. Here and in the following I shall denote with a hat 
the variables in the parton center-of-mass system. 

Neglecting the small contribution of the see quarks 
at the Tevatron pp collider, the total production cross- 
section reads 



^Tcv , 



^B{V -> ud) f u{x, Afi)d(-, Mi) — , 

6s \x / X 



(45) 



where s is the square of the center-of-mass energy and 



T = My Is. From the relations (gS]) and (gll) it follows 
that the quark branching ratios B{W' — > ud) ~ 25.0%, 
B{U ud) ~ 31.3% and B{T ud) ~ 27.1% do not dif- 
fer very much for the different type of bosons, therefore, 
the total production cross-sections of the gauge and the 
chiral bosons with the same mass have approximately the 
same magnitudes. 

However, the cleanest way to detect the production of 
the heavy intermediate bosons at the hadron colliders is 
to look for their practically backgroundless decay chan- 
nels into leptons. It is interesting to note that the lepton 
branching of the lightest chiral boson B{U Iv) ~ 2.1% 
is considerably smaller than the others B{W' £D) ~ 
8.3% and B{T (D) ~ 6.3%. Therefore, its leptophobic 
character leads to considerably small cross-section in the 
lepton channel (see FigH]). 
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FIG. 1: The production cross-sections of the gauge W' boson 
(dashed) and the chiral W boson (solid) as functions of their 



For these calculations the parton distribution functions 
CTEQ6M 40] and the factor K =1 have been used. So, 
for the reference mass My = Ml ^ 509 GeV ((261) of the 
lightest chiral boson, the corresponding cross sections are 



aw X B{W' £D) w 0.82 pb, 
au X B(U £D) w 0.26 pb. 



(46) 



The latter cross-section is by factor 16/5 smaller than 
the former one. This fact makes the detection of the 



chiral bosons in the lepton channels more difficult than 
the gauge ones. 

But not only this fact prevents the discovery of the 
new chiral bosons up to now. Another unusual and un- 
expected feature of the chiral bosons, connected to their 
anomalous interactions (fTO|) with fermions, has place. Let 
us compare the normalized angular distributions of the 
leptons from the decays of the gauge W~ 



dTVi 



w 



^(lTcosr)2, A = ±l, 



and the chiral 



^ sin^ I 



diV, 



^ sin^ I 



A = 0, 



A = ±1, 



^cos^e*, A = 0, 



(47) 



(48) 



bosons, where 9* is the angle of the lepton with respect 
to the longitudinal axis in the boson-rest frame and A is 
the boson helicity. 

For example, the left-handed quark d (from the proton) 
interacting with the right-handed anti-quark u (from the 
anti-proton) can produce W~ with spin projection on 
the proton beam direction —1. Hence, the decay leptons 
are distributed as (1 -I- cos 9*)^. While chiral particle 
production arises from the interaction of a quark and an 
anti-quark with the same helicities, that leads to zero 
helicity of the produced chiral boson and the backward- 
forward symmetric cos^ 9* lepton distribution j2lj . 

Indeed, the cross-section ioTp + p^l/( + X—>£ + X' 
process 



da 



1 



da:idx2 u{xi, ML)d{x2, Ml) da{s, i) (49) 



is expressed through the relevant differential cross-section 
of the parton subprocess d + u ^ U~ ^ £ + D 



d^a{s,i) 
d^pi 



5g4 {s + 2i)^S{s + i+u) 



(327r)2 s\s- MI+iMlT^J^' 



(50) 



where s = [pd+Pu)'^, t = (pa-Pi)'^ and u = (pd-pi)^ are 
the Mandelstam variables. In the center-of-mass parton 
system the differential cross-section shows the following 
distribution 



do- 

dn 



cx (s + 2f)^ cx cos^e = 1 - 



4pi 



(51) 



Here 9 is the angle between the lepton and the parton 
direction, which coincide with the angle 9* in the boson- 
rest frame, and p^ is the square of the transverse lepton 
momentum. 

Since the latter is invariant under longitudinal boosts 
along the beam direction, the distribution (|5ip versus pt 
holds also in the lab frame px — Pt- Changing variables 
in the differential cross-section from cos ( 



to p^ 



dcos^ 
dp2 




4p2 



(52) 



10 



leads to a kinematical singularity at the endpoint = 
s/4:, which gives the prominent Jacobian peak in the W 
decay distribution. 

In contrast to this, the pole in the decay distribution 
of the chiral bosons is cancelled out and, moreover, the 
distribution reaches zero at the endpoint p'^ = s/4. The 
chiral boson decay distribution has a broad smooth bump 
with a maximum below the kinematical endpoint, instead 
of a sharp Jacobian peak (Fig. [2]) . In the case when the 
chiral boson is produced with no transverse momentum, 
the transverse mass of the lepton pair is related to px as 
Mt(^C') = 2pT and the Jacobian peak is absent in Mt 
distribution as well. 



10 




300 
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FIG. 2; The differential cross-sections for the gauge W' boson 
(dashed) and the chiral W boson (solid) as functions of the 
lepton transfers momentum. 

Therefore, the transverse momentum/mass decay dis- 
tribution of the chiral bosons differs drastically from the 
distribution of the gauge bosons. Even relatively small 
decay width of the chiral bosons leads to a wide distribu- 
tion, that obscures their identification as resonances at 
hadron colliders. The form of the decay distribution for 
the chiral bosons resembles the bump anomalies in the 
inclusive jet Et distribution, reported by the CDF Col- 
laboration [4l| many years ago. Although this problem 
has been solved in the framework of the SM by changing 
the gluon distribution functions [i^l, it could be recon- 
sidered in the light of the new form of the decay distri- 
bution as a real physical signal from decays of different 
chiral bosons, both charged and neutral. 

Analysing the bumps in the jet transverse energy dis- 
tribution in Fig. 1 of ref. [4l|, we can find the endpoint 
of the first bump at 250 GeV and guess about the second 
bump endpoint from the minimum around 350 GeV. If 
we assign the first bump to the hadron decay products 
of the lightest charged bosons, which exactly corresponds 
to the estimated mass from eq. pG]) , the second endpoint 
hints to a mass around 700 GeV, which is also in a quan- 
titative agreement with our estimations (|39p for the mass 
of the lightest leptophobic neutral boson. However, tak- 



ing into account the large systematic uncertainties in jet 
production, these conclusions may be premature, unless 
they are confirmed in other channels. 

In the following the CalcHEP 13] package will be used 
for the numeric calculations of various distributions. For 
these purposes I have introduced the new chiral bosons 
in the package and implemented the corresponding in- 
teractions for them. Indeed, the CalcHEP model does 
not allow to introduce the interactions directly. The 
problem is connected with unusual 1 / momentum 
dependence of the Yukawa interactions, when the chi- 
ral bosons are described by the four- dimensional Lorentz 
vector Va with the usual propagator —iga^/iq^ — My). 
It can be avoided for the processes with the chiral parti- 
cles on the mass shell — My, when the the function 
l/i/g^ can be replaced by constant factor l/My, but not 
for the intermediate chiral bosons. 

The solution of the problem was prompted to me by 
A. Pukhov, one of the authors of the CalcHEP pack- 
age. It consists in introducing of pair of massive particle 
and its massless ghost in such a way that the propagator 
for the intermediate states multiplied by the momentum 
dependent factor 1/q^, which comes from the Yukawa 
couplings, can be represented as a difference of two prop- 
agators 

q^^^M^^M^{'^^M^'^) ^^^^ 

with the constant factor 1/My. Therefore, the situa- 
tion is reduced to the previous case of the chiral boson 
description on the mass shell by effective Yukawa inter- 
actions with the constant factor 1/My. This dimension 
factor naively indicates a problem with high-energy be- 
haviour of scattering amplitudes and renormalizability 
of the model, which are restored by the including of the 
ghosts. 

The distributions in the Fig. [5] have been calculated 
without any kinematical cuts. However, experimental de- 
tectors always have dead zones where the particles cannot 
be registered. The simple examples are the backward- 
forward regions along the beam direction at the collid- 
ers. The CaclHEP package with its effective Monte Carlo 
integration allows simply and quickly to calculate divers 
distributions with experimental cuts as a first approxi- 
mations to the detector simulations. 

The cuts in the backward-forward regions lead to miss 
in a essential part of the events from the chiral boson de- 
cays due to the mentioned previously specific angular dis- 
tribution. So, in the Fig. [3] the differential cross-sections 
of the gauge W boson and the chiral U boson as functions 
of the lepton pseudorapidity are shown. While the max- 
imum of the gauge boson distribution is centered at the 
small lepton pseudorapidities, which correspond to the 
central part of the detector, the chiral boson distribution 
has minimum in this region and its maxima are placed at 
the edges of the CDF and DO central calorimeters. Based 
on the fact that the major part of the leptons stemming 
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FIG. 3: The differential cross-sections for the gauge W' boson 
(dashed) and the chiral U boson (sohd) as functions of the 
lepton pseudorapidity. 



from the W decays are emitted in the central detector 
region, both collaborations have analyzed the spectrum 
of the transverse high-energy electrons only in the central 
electromagnetic calorimeters \r]e\ < rjcut — 1- The ratio 
R = {Ntot - Nmis)/Ntot, where N„iis is the number of 
missing due to the cut events, for the W' boson and the 
chiral U boson is shown in the Fig. [H 



1.0 




FIG. 4: The ratio of the detected with |j7e| < rjcut events to 
their total number for the gauge W' boson (dashed) and the 
chiral U boson (solid). 

As seen from Fig. 0] the curve for the chiral U boson lies 
always under the W curve, and at rjcut — 1 there are 
around 70% detected events in the case of the gauge W 
boson and only 45% in the case of the chiral U boson. 

If the new chiral boson production takes place with 
subsequent decay into the lepton and its antineutrino, an 
eventual excess should be watched in the region 350 GeV 
< Mt < 500 GeV, where the background from the tail of 



the W decays is considerably small. Indeed, such an ex- 
cess about 2a has been pointed out recently by the CDF 
Collaboraion [i^ in the same region. In the case of the 
gauge W' boson production an excess should be peaked 
around Mt « 500 GcV or pr « 250 GeV. The latter was 
unambiguously rejected by the DO data [4^ with more 
better calorimetry than the CDF detector (Fig. [5]). At 
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FIG. 5: The differential cross-sections for the gauge W (dot- 
ted), W' (dashed) and the chiral U (solid) bosons as a function 
of the electron transverse momentum versus the DO data. 

the same time the chiral boson distribution, probably up 
to some common normalized factor, is still in agreement 
with the DO experimental data. The excess should look 
like as a shoulder rather than a peak and the small num- 
ber of the events in this region cannot give conclusive 
statement about the excess. 

Nevertheless, the pp colliders such as the CERN SPS 
and the Fermilab Tevatron have unique possibility to 
measure lepton asymmetry, which cannot be done at the 
powerful but pp symmetric LHC machine. So, one of the 
crucial confirmations of the W properties at the SPS, 
even with a small number of events, was revealing the 
backward-forward asymmetry in the angular distribution 
of the lepton emission angle 6* in the W^-rest frame (isj . 
Application of analogous analysis for the events from the 
W tail at the Tevatron would allow to reduce additionally 
the background in the search of the gauge right-handed 
and the chiral U bosons. 

Such analysis is even more important in the search 
of heavy boson production through their hadronic decay 
channels, where the background from the strong interac- 
tions is overwhelming. So, the cross-sections for the tb 
quark channel are 

aw X B(W' tb) « 1.91 pb, 

au X BiU tb) « 3.56 pb, (54) 

for the intermediate states with the W' and U bosons, 
correspondingly. The latter cross-section is 25/16 times 
bigger than the former one, due to the hadrophilic char- 
acter of the chiral boson. Therefore, its detection in the 
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hadronic channels could be even easy than the detection 
of the new gauge boson. 

While the light quark decay channels are swamped by 
multijet background, the tb pair of the heavy b quark 
and the short living t quark with its subsequent decay 
to Wb pair allow to make jet ^-tagging, where one of the 
jets must have a displaced secondary vertex. Searching 
for the intermediate heavy bosons in this channel has 
been fulfilled by both the DO and CDF collaborations, 
as for this purpose the part of the same datasets of the 
single top production analyses has been used. Owing to 
their high masses this analysis is even simpler than the 
single top production searches, because at such energies 
the background is considerably reduced. 

Indeed, the CDF collaboration even with approxi- 
mately 1 fb"'^ of the pp RUN II data is still unable to 
pin down the single top quark production, while a slight 
excess in the region near 450 — 500 GeV in the invari- 
ant mass of the reconstructed W and two leading jets 
{Mwjj) has been pointed out in [i^. The excess is seen 
in the 2-jet mass distribution histogram with 40 GeV 
bin's width. It is also expected to find a Jacobian peak 
in the transverse momentum distribution of the leading 
b jet or reconstructed top, however, if this excess is due 
to the chiral boson production, it could not be there. 

The common wisdom, that a peak in the invariant 
mass distribution of the two final particles must corre- 
spond to the peaks in their transverse mass distributions 
Mt at the same value, is not valid for the chiral bosons. 
On the other hand the peaks in the invariant mass dis- 
tribution come from the Breit-Wigner propagator form, 
which is the same as for the gauge and chiral bosons in 
the Born approximation. However, some small different 
corrections should be applied to the shape of the reso- 
nance curve for the chiral bosons, due to their different 
couplings to the fermions. 

It is interesting to note that this excess is in some sense 
a confirmation of the excess in the leptonic channel (43j 
of the same collaboration. Therefore, an independent re- 
sult from the DO collaboration is very important. Their 
published result [47] is based on 230 pb""'^ of integrated 
luminosity and docs not show any excess in the histogram 
with the bin's width of 50 GeV. However, it should al- 
ways be taken into account that the narrow peak could 
be missed due to the smearing eff'ect of the detector res- 
olution or an insufficient statistic. Indeed, the right his- 
togram in the Fig. 3 of the conference paper [48] of the 
same collaboration with the bin's width of the 45 GeV 
reveals, nevertheless, the weak peak in the same region of 
the 500 GeV. All these not statistically significant results 
for the separated analyses may give a more conclusive an- 
swer after their combining and additional investigation 
of the angular distributions of the events in this region. 
The only difficulty could arise from reconstructing the 
full kinematics due to double solution for the neutrino 
longitudinal momentum. 

Concluding this section I would like to note that some 
hints for the existence of the lightest charged chiral boson 



already exist in the Tevatron data. What about signature 
of the other chiral bosons? The next to the lightest chiral 
boson are the two completely leptophobic neutral CP- 
even and CP-odd bosons with approximately the 
same mass m « 719 GeV, which couple only to up-type 
quarks. Therefore, they could be looked for in the ti 
decay channel. However, the small cross-section 

(7,7 X 6(C/ ^ ii) w 1.63 pb (55) 

still hinders their revealing. 

The other pair of more heavy neutral chiral bosons, 
CP-even and CP-odd can be seen in their dilep- 
ton decay channels. However, their high masses M m 
1017 GeV lead to completely negligible cross-section 

OT B {T ll) K 2.3 fb (56) 

at the Tevatron. The heaviest charged chiral boson T 
with mass Mh ~ 1137 GeV also leads to negligible cross- 
section in the lepton channel 

err X S (T -> ^j>) w 2.2 fb (57) 

at the Tevatron. 



V. CERN LHC PROSPECTS AND 
CONCLUSIONS 

The LHC at CERN belongs to the next generation of 
hadron colliders. There is no doubt that it will be dis- 
covery machine with its 14 TeV collider energy in the 
pp center-of-mass. All new particles with non-negligible 
coupling constants to the ordinary matter up to a mass of 
the order of 2 — 3 TeV could be discovered if they exist. 
The new chiral bosons, with coupling constants of the 
order of the gauge ones and the predicted masses, com- 
fortably fall into this category. Nevertheless, the unusual 
properties of the chiral bosons, which are still unknown to 
the experimentalists, require more work in simulations. 

As a first step into this direction the corresponding 
model was introduced in the CalcHEP package. In the 
agreement with the Les Houches Accord [i^ the pack- 
age has an interface with the PYTHIA. However, the 
experimental software on simulation and reconstruction 
(see, for example, [5^) often has itself an interface with 
the event generator programs like PYTHIA. Therefore, I 
have built the code for the chiral bosons directly into the 
PYTHIA, as well. However, the right way to do this is to 
use user-defined external processes machinery. In order 
to reach the result in a simple way and as soon as possi- 
ble I have used the fact that the interactions of the chiral 
bosons are very similar to those of the W and W' . There- 
fore, I have just slightly corrected the PYTHIA code for 
the subprocess 142 [W' production) in the subroutines 
PYWIDT and PYRESD. 

The subroutine PYWIDT calculates full and partial 
widths of resonances. As far as the decays of the gauge 
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and the chiral bosons are described by different formulas 
in the case of their decay into two massive fcrmions, I 
have substituted the matrix element 



\M 



w 



8M- 



{( 



9\) 



2-ri 

2 - 



r2 - [ri - 



+ 6 {gv - 9a) V^nr^} 



(58) 



in the expression for the W width with the following 
expression 



{{dv+gl) [l + ri+r2-2(ri-r2) 
+ 6 (5y-.9i) (59) 



for the chiral bosons. Here ri = (mi/M)^ and r2 = 
(m2/M)^ are squared ratios of the fermions masses mi 
and 7712 to the boson mass M. 

The parameters PARU(131)/PARU(132) and 
PARU(133)/PARU(134) set the vector /axial qa 
couplings of the quark and lepton pairs to the heavy 
vector boson, correspondingly. These is a bug in the 
case of W decay with non-equal vector and axial- 
vector couplings constants \gv\ 7^ 1 5^1, because the 
second line of eq. ([55)) is not coded into the pro- 
gram. Corrected in this way the subroutine should 
provide correct description of the W decay with the 
PF-like couphng constants PARU(131)=PARU(133)=1, 
PARU(132)=PARU(134)=-1 or the chiral boson with 
following parameters 



PARU(131) = ^, PARU(132) : 
PARU(133) = PARU(134) : 



1 

'2' 
1 

"2' 



(60) 



The subroutine PYRESD describes angular distribu- 
tions of the resonances, which are completely different in 
the case of the gauge and chiral bosons. So, in accor- 
dance with the normalized distributions (j47p and 
the distribution 



WT = 1 + ASYM -005 6 + cos^ 9 



(61) 



and its maximum value WTMAX=2-|-ABS(ASYM) for 
the gauge bosons, where the coefhcient ASYM defines 
backward- forward asymmetry, should be replaced by sim- 
ple formula 



WT = 4cos'^6l 



(62) 



and a corresponding maximum value WTMAX=4 for the 
chiral bosons. 

These changes open the possibility for full detector 
simulations of the production and diverse decay chan- 
nels of the charged chiral bosons. The implementation 
of the neutral chiral bosons within PYTHIA cannot be 
fulfilled just as trivial modifications of already existing 
code for the Z' boson, because the code takes into ac- 
count the full J* /Z/Z' interference structure and is very 



complicated. In the same time the chiral bosons do not 
interfere with the gauge bosons and the new part of the 
code should be simplier and could be easily added by a 
PYTHIA expert. 

I will continue with consideration of the golden dis- 
covery channels pp U /T + X £p + X' and pp — > 
T^/T^+X ee+X' for the chiral bosons at the LHC us- 
ing CalcHEP package. Due to the enormous collider en- 
ergy and the designed peak luminosity 10^"* cm~^s~^ they 
could be explored already at the very beginning, when 
the SM calibration processes pp ^ W + X ^ £D + X' 
and pp Z + X ££ + X' are studied. So, the differ- 
ential cross-sections for the gauge W (background) and 
the chiral U, T (signal) bosons as a function of the lepton 
transverse momentum are shown in the Fig. [HI 
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FIG. 6; The differential cross-sections for the gauge W (dot- 
ted) and the chiral W, T (solid) bosons as functions of the 
lepton transverse momentum. 

The first shoulder corresponds to the resonance pro- 
duction of the light charged chiral bosons with a 
differential cross-section of the order of 0.03 pb/GeV. It 
means, that after only an hour of data-taking at the peak 
luminosity, approximately 10 events should be within 
each bin with transverse lepton momentum around 200 
GeV and 10 GeV bin's width. To see the second shoulder, 
corresponding to the heavy charged chiral boson, above 
one day of the data-taking is required. 

However, the bad understanding of the detector res- 
olution at the first runs and the uncertainties in the 
transverse momentum of the heavy bosons smear the 
Jacobian peak and the production of the chiral bosons 
could not be distinguished from the production of the 
gauge bosons. More data and detailed simulations will 
be needed. Therefore, the first crucial test of the dis- 
cussed model at the LHC will be the observation of the 
peak at 1 TeV in the Drell-Yan dilepton channel (Fig. [7]). 

As it was discussed early, the shape of the peak as a 
function of the invariant dilepton mass is the same as for 
the gauge and chiral bosons. The only difference should 
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M,JGeV] 



FIG. 7: The and T" boson peaks in the difFerential cross- 
section as a function of the invariant dilepton mass. 



be in the angular distributions of the lepton pairs, in 
particular, their px distributions. Instead the Jacobian 
peak at pt — My/2 for the gauge bosons, a wide bump, 
well below this point, is expected for the chiral boson in 
the lepton transverse distribution (see Fig. [2]). 
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